Abstract: Soil organic matter (Som) takes part in many environmental functions and, depending on the conditions, it can be a source or a sink of the greenhouse gases. Presently, the changes in soil organic carbon (SoC) stock can arise because of the climatic changes or changes in the land use and land management. A promising method in the estimation of SoC changes is modelling, one of the most used models for the prediction of changes in soil organic carbon stock on agricultural land being the rothC model. Because of its simplicity and availability of the input data, rothC was used for testing the efficiency to predict the development of SoC stock during 35-year period on agricultural land of Slovakia. The received data show an increase of SoC stock during the first (20 years) phase and no significant changes in the course of the second part of modelling. The increase of SoC stock in the first phase can be explained by a high carbon input of plant residues and manure and a lower temperature in comparison with the second modelling part.
one of the most important indicators of soil quality is soil organic matter (Som), which is an important building block for the soil structure, formation of stable aggregates, and is able to improve the infiltration rates and the storage capacity for water (jones et al. 2005 ). Som presents a major pool of carbon in the biosphere and can act both as a source and a sink for carbon dioxide and other greenhouse gases. Agricultural intensification and cultivation in general results in a serious decrease in Som as compared to that in the natural vegetation. Presently, the protection of soil organic matter is one of the main tasks, because Som in addition to its soil fertilizing function can act in the elimination of the soil contamination and carbon sequestration. Under steady state conditions, each soil reaches equilibrium carbon content, depending on a number of factors such as the land use, land management, soil type, and climate. This equilibrium can be disturbed by the land use and land management changes or climatic changes. generally, each soil type is characterized by its specific content of organic carbon. It is also clear that the cropland soils are characterized by a lower soil organic carbon (SoC) content as compared to similar soils under native forest or grassland on the same soil type (guo & gifford 2002) . The changes of soil organic matter in Slovakia are observed on the national level by SoC monitoring running from 1993, which is a part of Complex Soil monitoring of Slovakia. even though the sampling is realized only every 5 th year, it is possible to evaluate the changes in Som in the past period on the basis of these data. Nevertheless, the prediction of soil organic carbon stock as a consequence of climatic changes and rapid changes in the land use and land management is a very important task for the future. one of the most promising tools for the estimation of SoC stock is modeling. There are several types of models for the estimation of soil organic carbon stock (Somm, ITe, Verberne, rothC, CANdY, dNdC, CeNTUrY, dAISY, NCSoIL). rothC and CeNTUrY are two of the most widely used and tested Som models. The CeNTUrY model is a general ecosystem model for C, N, P, S cycling in the soil-plant system (Parton et al. 1992) . At present, the CeNTUrY model was used for modelling SoC stock on one of the representative Slovak cropping farm (Sobocká et al. 2007) . However, this model needs very detailed input data whose acquisition is a problem with all agricultural soils in a specific region or country. rothC-26.3 (Colleman & jenkinson 2005) was originally developed and parameterised to model the turnover of organic C in arable topsoils from the rothamsted Long Term Field experiments. rothC-26.3 was tested in long term experiments on a range of soils and climatic conditions in Western and Central europe. In a majority of cases, this model was tested on long-term experimental sites with detailed descriptions of the sites conditions and treatments Smith et al. 1997; Barančíková 2007; Ludwig et al. 2007) . The CeNTUrY and rothC models are applied to the prediction of soil organic carbon stock on regional and national scales (Falloon et al. 1998 Falloon & Smith 2003; Smith et al. 2005 Smith et al. , 2007 van Wesemael et al. 2005; easter et al. 2007) .
For SoC stock modelling on agriculture lands of Slovakia, it was decided to use rothC-26.3 model because of its simplicity and the availability of the data to run the model. The validation of this model in Slovak conditions was done on selected key monitoring localities (Barančíková 2007) . rothC-26.3 model was used also for the estimation of SoC stock on particular Slovak agricultural farms in the future (Barančíková & Halás 2008) .
In this paper, we present the testing of the rothC model usefulness for the prediction of the SoC in agricultural soils of Slovakia on the country level.
MAteRiAl And Methods

sites selection
No monitoring exists of the long-term SoC dynamics in Slovakia. regarding this fact, it was necessary to combine the existing soil profile data from two separate datasets and thus to obtain both the initial soil carbon values and the validation dataset for the testing of the rothC modelling outputs for the time period of 1970-2006.
The complex soil survey database (Linkeš et al. 1988) The sites represented by two spatially and semantically corresponding soil profiles, coming from the Complex soil survey database and the database of soil monitoring, were selected based on several criteria: -minimal distance between the soil profiles -Same or very similar genetic soil types of the soil profiles -Same or very similar clay contents of the soil profiles -Same land cover/land use (arable land or grassland) reported for the soil profiles -Availability of relevant long-term meteorological data for the site From the set of all possible sites, the final set of 32 sites in total was selected so that it could sufficiently represent the soil cover and agro-climatic conditions of Slovakia. The localisation of the selected sites can be seen in Figure 1 .
RothC-26.3 model
The rothC-26.3 model splits SoC into four active compartments and a small amount of inert organic matter. The active compartments are the decomposable Plant material (dPm), resistant Plant material (rPm), microbial Biomass (BIo) and Humified organic matter (HUm). Inert organic matter (Iom) content in rothC model is defined as a fraction of soil organic matter that is biologically inert and has an equivalent radiocarbon age of more than 50 000 years. The Iom compartment is resistant to decomposition and it was calculated according to Falloon formula (Falloon et al. 1998) . The incoming plant carbon is split between dPm and rPm, depending on the dPm/rPm ratio of the particular incoming material. These pools in turn decompose exponentially to form Co 2 and BIo+HUm. The clay content of the soil (in percentage) is one of the input parameters and is used to calculate how the topsoil can hold the water available for plants and it also affects the way in which the organic matter decomposes. The clay content determines the ratio between the Co 2 and BIo+HUm produced. The decomposition rate is modified as a function of temperature, soil moisture deficit, and the presence of the plant cover (Colemam & jenkinson 2005) .
Further details of the rothC model and the model itself can be obtained from the gCTe SomNeT website.
input data
The rothC-26.3 model requires three types of data: (a) Climatic data -monthly rainfall (mm), monthly evapotranspiration (mm), average monthly mean air temperature (°C); (b) Soil data -clay content (%), inert organic carbon (Iom), initial soil organic carbon (SoC) stock (t C/ha), depth of the soil layer considered (cm); (c) Land use and land management data -soil cover, monthly input of plant residues (t C/ha), monthly input of farmyard manure (FYm) (t C/ha), residue quality factor (dPm/rPm ratio). (a) Climatic data meteorological stations network (individual meteorological stations) data coming from the Slovak Hydro-meteorological Institute were analysed and interpreted to obtain the input climatic data for the rothC modelling.
The minimal distance between the meteorological station and the corresponding modelling site, the similarity of the environmental conditions compared to the corresponding site, and weather data accessibility and completeness were applied as the decisive criteria in the process of the relevant meteorological station selection. For each meteorological station, the monthly rainfall (mm) and average monthly mean air temperature (°C) were calculated based on daily data. The monthly potential evapotranspiration (mm) was calculated on the basis of Pennmann equation. The missing monthly weather data were complemented in the final data processing with the data observed at the same weather station and identical month in preceding or following year.
(b) Soil data Initial SoC stock (t C/ha) was calculated according to eq. (1) from the available topsoil data coming from the Complex soil survey database: The initial SoC content is used for running the rothC model to equilibrium under constant environmental conditions. Because of the lack of climatic data before 1960, the constant climatic conditions were taken as the average of the climatic data from . For each locality, first of all rothC was run to equilibrium (10 000 years), iteratively fitting carbon inputs to match the initial SoC stock and thus the distribution in compartments (dPm, rPm, BIo, HUm) with different decomposition rates. The data of carbon and radiocarbon ages in all these compartments received in equilibrium mode (initial soil state, initial radiocarbon ages) were used to run the model in short term mode (for the modelling of SoC in the time period from 1970-2006).
The SoC stock for the validation set was calculated from the Soil monitoring database topsoil data by eq. (1).
The data of topsoil clay content (clay fraction < 0.001 mm) were obtained from the available topsoil data coming from the Complex soil survey database were used.
The depth of the soil layer for modelling was set to 20 cm.
(c) management data
The management data were obtained on the basis of universal questionnaires which had been addressed to all users of the selected sites. The questionnaire contained the data about crops cultivated in the time period of 1970-2007, tillage practices during this period, organic fertiliser application rates and crop yields for all years and crops yields. The missing data for the beginning of the (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) of the modelling period were completed by an expert estimation from the survey reports. The missing data for the time period up to 1989 were completed with the crop specific data on the yields and crop share data coming from regional or national statistics. The missing data for the time period 1989-2007 were completed with statistic data available on a district level. The missing data of organic manure doses were completed by an expert estimation. organic carbon input of plant residues or farmyard manure was calculated according to eq. (2) (jurčová & Bielek 1997): Table 2 . Average annual plant (C Pr) and manure (C mr) carbon input and temperature (T) over the decades decades C Pr (t/ha) C mr (t/ha) T (°C) 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 modelled SOC observed SOC inrerval spolohlivosti Figure 2 . observed and simulated data of the SoC stock on the selected sites on agricultural land in Slovakia ----confidence limits of the simulated data
where: Q -organic carbon of plant residues or farmyard manure (t C/ha) u -crops yields or manure dose (t/ha) K C -amount of carbon of plant residues or manure adequate to 1 tone of the main product yield or 1 tone of manure.
All basic soil data, meteorological stations, annual carbon input of plant residues and manure on the selected sites can be found in Table 1 .
statistical methods
The total differences between the simulated and measured values were calculated as root mean square error (rmSe) (Loague & green 1991 ). Student's two-tailed t-test and nonparametric Wilcox-test for comparing the observed and modelled data (for year 1993 and for year 2002) were used. Wilcoxon-test is an alternative to the t-test when the data are not normally distributed (meloun & militký 1994) .
Results And disCussion
The short term modelling period represents 36 years with the initial point of 1970. on almost all sites, the organic carbon stock increased. The highest rate was observed in the first 20 years (Figure 2 ). In the next decades, the increase of SoC was slower, and in the last 6 years no changes in SoC stock were observed. The highest rate of SoC stock increase in the first two decades of the modelling period can be explained by an intensive application of manure. Later, mainly after 1990, a decrease of the ma- Sd -standard deviation; CV -coefficient of variations nure production took place and the level of soil organic matter management was limited with a decrease in the crop production. The average annual carbon input related to the decades can be seen in Table 2 . Another reason may be the climatic change, mainly the rise in temperature over the last years. The increasing temperature will speed up the decomposition of soil organic matter and will tend to increase the loss of SoC in the future as reported by Smith et al. (2005) . As can be seen from Table 2 , during the last two decades a substantial growth of the average temperature could be observed on all the selected climate stations.
The average values of SoC stock for a short term modelling period can be seen in Figure 2 . The model data of SoC stock predicted by the rothC model were compared to the SoC data for 1993 and 2002 sampling as provided by the monitoring data of the observed period received from Soil monitoring database (Tables 3 and 4) .
According to t-test criteria (t-values were lower than the critical tabulated t-value 2.04), it can be concluded, that the differences (for year 1993 and for year 2002) between the observed and simulated data were not statistically significant at the level of significance P = 0.05. According to Wilcox Z-values criteria (Z-values lower than 0.05 means that the difference between two samples is statistically significant) is it clear that the differences in year 1993 between the observed and modelling data were not statistically significant. The differences in year 2002 between the observed and simulated data were not statistically significant, this value, however, belongs to a limit.
As seen in Figure 2 , the agreement between the modelled and measured data is satisfactory and rmSe value for arable land (1993) is 29% and for year 2002 14%. Literature data of rmSe values in long-term experiments with rothC model are reported in the range of 2-30% (Smith et al. 1997; guo et al. 2007) .
Two sources of uncertainties between the measured and modelled data can be recognised and one further represents the input data. The first uncertainty represents the values of the initial carbon stock. The data of SoC stock were modelled for 20 cm soil depth and the initial concentration of soil organic carbon was sampled in the range of 5-20 cm depending on the depth of genetic horizons. For the calculation of the SoC stock, bulk density is also needed. These values were not measured, only calculated according to the model equation published in a previous paper (Linkeš et al. 1989) . In this model, the clay content (lower than 0.001 mm) and humus content (%) were used as two main soil parameters.
The second uncertainty represents the input of plant residues and manure carbon. These values were calculated according to the formula of jurčová ( jurčová & Bielek 1997) where the data are needed of the average yields of crops or the amount of manure input and K C coefficient (expressed as the amount of the plant remains carbon in t C/ha, adequate to 1 tone of the main product yield) for a particular plant. As described in the previous chapter, receiving such data for some selected sites represented a great problem and the application of expert assessment was necessary.
Third source of uncertainty is represented by the measured data of SoC. mainly on grasslands, great heterogeneity of soil organic carbon concentration can be observed in the input datasets (concentrations of soil organic carbon in 1970, 1993 and 2002 sampling) . moreover, for the calculation of the SoC stock, the calculated values of bulk density were used. Likewise in the calculation of the initial SoC stock, combining of measured and calculated values was used to receive the initial and observed SoC stock.
ConClusion
The modelling approach represents one of the most promising method for the estimation of the stock and changes of SoC. rothC model is one of the most widely used models for the estimation and prediction of SoC stock on agricultural land. Because of its simplicity and the generally good availability of the input data required, this model was used also for the estimation of the SoC stock on the selected localities on Slovak agricultural land. on the basis of our results, it can be concluded that rothC 26.3 model is suitable for the estimation of SoC stock changes on Slovak agricultural land and can be used for the modelling of SoC stock changes on the whole territory of agricultural land of Slovakia. The results also show that the model is sufficiently sensitive to the carbon input and temperature. A lower carbon input and an increase of temperature have a negative effect on the stock of soil organic carbon in natural conditions of Slovakia.
